Degradation of Ciprofloxacin by Titanium Dioxide (TiO2) Nanoparticles: Optimization of Conditions, Toxicity, and Degradation Pathway by Usman, Mohammad Rofik et al.
 
Degradation of Ciprofloxacin by Titanium Dioxide (TiO2) 
Nanoparticles: Optimization of Conditions, Toxicity, and 
Degradation Pathway 
 
Mohammad Rofik Usman1,*, Azmi Prasasti1, Syamsiyatul Fajriyah1, Ayu Wanda Marita1, 
Sovia Islamiah1, Alfian Nur Firdaus1, Atiek Rostika Noviyanti2, Diana Rakhmawaty Eddy2 
 
1Pharmacy Study Programme, Sekolah Tinggi Ilmu Kesehatan Banyuwangi Banyuwangi, Jl. Letkol 
Istiqlah No. 109, East Java 68422, Indonesia. 
2Department of Chemistry, Faculty of Mathematics and Natural Sciences, Universitas Padjadjaran, 
Sumedang, Jl. Raya Bandung-Sumedang km. 21, West Java 45363 Indonesia. 
Bulletin of Chemical Reaction Engineering & Catalysis, 16 (4) 2021, 752-762 
Abstract 
The popular use of ciprofloxacin is often irrational, so it causes environmental pollution such as resistance. The so-
lution to overcome environmental pollution due to ciprofloxacin is degradation by using TiO2 nanoparticles. TiO2 
nanoparticles performance is influenced by environment such as light source, pH solvent, duration of lighting and 
TiO2 nanoparticles mass. The residual levels determination of ciprofloxacin was carried out by using a UV-Vis 
spectrophotometer. Toxicity test of ciprofloxacin degradation products with TiO2 nanoparticles used Escherichia 
coli bacteria. Liquid Chromatography Mass Spectrometry (LCMS) was used to determine the type of ciprofloxacin 
degradation product with TiO2 nanoparticles. The optimum condition for the ciprofloxacin degradation with TiO2 
nanoparticles is lighting for 5 hours by using a white mercury UV lamp and 50 mg TiO2 nanoparticles with pH sol-
vent of 5.5. The toxicity of ciprofloxacin degradation product with TiO2 nanoparticles was low. The smallest degra-
dation product identified with m/z was p-fluoraniline (m/z 111).  
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1. Introduction 
Ciprofloxacin is a fluoroquinolone class of an-
tibiotics which is quite popular and is widely 
used in several health services, such as hospi-
tals [1]. Ciprofloxacin is used in diseases caused 
by bacteria, such as: Salmonella typhi which 
causes typhoid fever [2] and some bacteria that 
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can cause Urinary Tract Infection (UTI) [3,4]. 
The use of antibiotics not only treats diseases 
caused by bacteria, but can also have negative 
effects if their use is irrational [5]. Irrational 
use of ciprofloxacin can cause environmental 
pollution, for example antibiotic resistance [1] 
which threatens human health [6]. Some of the 
health problems caused by consuming water 
contaminated with ciprofloxacin are vomiting, 
headache, diarrhea, stomatitis, skin and im-
mune system disorders [7]. Moreover, it can in-
terfere with the process of photosynthesis in 
plants which causes growth to be delayed [8]. 
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Several attempts have been made to reduce 
environmental pollution due to the use of 
ciprofloxacin, namely by deactivating and de-
grading ciprofloxacin using the microorganism 
Xylaria longipes [9], fenton oxidation [10], and 
oxidation with the help of a combination of UV 
light and chlorine gas [11]. The current popular 
solution in reducing environmental pollution is 
using a photocatalyst. TiO2 photocatalysts are 
able to degrade environmental pollutants such 
as indigo carmine dyes [12], basic yellow 
(BY13) [13], diazinon pesticides [14], aceta-
minophen [15] and amoxicillin antibiotics 
[16,17]. Research on the degradation of ciprof-
loxacin using TiO2 nanoparticles continues. 
Several researchers used TiO2 nanoparticles of 
P25 degussa powder to obtain 100% degraded 
ciprofloxacin within 30 minutes [18] and 6 
minutes [19]. Then several modifications were 
made to improve the previous results, namely 
by TiO2 nanoparticles immobilized on glass 
plate, the results obtained showed that 100% 
ciprofloxacin was degraded within 120 minutes 
[20]. Then in the next study finally added sev-
eral types of metals such as Fe (percentage of 
degradation of ciprofloxacin 94.6% for 60 
minutes degradation) [21]; Cu (percentage of 
degradation of ciprofloxacin 97% for 4 hours 
degradation) [22]; and Ce (percentage of degra-
dation of ciprofloxacin 93.22% for 180 minutes 
degradation). Several previous studies have 
shown that with TiO2 nanoparticles powder is 
still better than some of the previous modifica-
tions [23]. Along with the continuous use of 
ciprofloxacin will increase the amount of ciprof-
loxacin pollutants, thus it is necessary to study 
the degradation of ciprofloxacin with a higher 
initial concentration. 
The degradation process using TiO2 nano-
particles is influenced by several factors includ-
ing the light source, the mass of TiO2 nanopar-
ticles, the pH of the solution, and the duration 
of irradiation [24]. Each of these factors can af-
fect the degradation product of ciprofloxacin 
with TiO2 nanoparticles. This study aims to 
evaluate the optimum conditions for degrada-
tion of ciprofloxacin using TiO2 nanoparticles 
which include a UV light source, TiO2 nanopar-
ticle mass, solution pH, and exposure time. The 
sources of UV light used were UV BLB lamps 
and white mercury lamps. Meanwhile, the pH 
of the solution in acidic conditions is at pH 5.5 
and 6; neutral pH (pH 7); and alkaline pH at 
pH 7.5 and 8. In addition, this study was also 
to determine the type and toxicity of the degra-
dation products of ciprofloxacin with TiO2 na-
noparticles. The toxicity test in this study used 
the Escherichia coli (E. coli) bacteria. The solu-
tion after degradation at optimum conditions 
was analyzed using LCMS to determine the 
simpler product type of ciprofloxacin degrada-
tion using TiO2 nanoparticles. 
 
2. Materials and Methods  
2.1 Instruments and Chemicals 
The tools in this study used glassware 
which is common in laboratories and several 
instruments, namely: magnetic stirrer (IKA C-
MAG HS 7), centrifuge (Health), UV reactor 
with UV BLB (Blue Light Blue) (8 W, wave-
length 365 nm, Gaxindo) and UV lamps. white 
mercury HPL-N (250 W, wavelength 300-700 
nm, Philips), UV-Visible spectrophotometer 
(Thermo Scientific, Genesys 10S UV-Vis), 10-
100 µL micropipette (Dragon Lab), and Liquid 
Chromatography Mass Spectrometry (LC-MS). 
The materials in this study were distilled 
water, ciprofloxacin (Asclepius Bio-Tech), 
Escherichia coli (E. coli) bacteria, 3 mm 
diameter disc paper (Oxoid), agar medium 
(KGaA), and several chemicals obtained from 
Merck, namely TiO2 nanoparticles P25 De-
gussa (anatase 85.7% with crystallite size 
32.84 nm and rutile 14.3% with crystallite size 
22.59 nm) [25], sodium chloride (NaCl), sodium 
d i h y d r o g e n  p h o s p h a t e  d i h y d r a t e 
(NaH2PO4.2H2O), and sodium monohydrogen 
phosphate dihydrate (Na2HPO45H2O). 
 
2.2 Standard Equation of Ciprofloxacin 
500 ppm ciprofloxacin mother solution was 
prepared by dissolving 100 mg of ciprofloxacin 
into 200 mL of 0.1 M NaCl solution. 500 ppm 
mother liquor was used for scanning the 
maximum wavelength in the range 190-400 
nm. 500 ppm mother liquor diluted to 250; 100; 
50; 25; and 10 ppm to determine the standard 
equation for ciprofloxacin. The standard 
ciprofloxacin equation is used to determine the 
concentration of ciprofloxacin after 
degradation. 
 
2.3 Optimization of Degradation Condition 
Optimization of the degradation conditions 
of ciprofloxacin with TiO2 nanoparticles 
included light source, solution pH, mass of 
TiO2 nanoparticles, and irradiation time 
respectively. The light sources used in the 
optimization of light sources are UV BLB and 
white mercury UV lamps. The 500 ppm 
ciprofloxacin solution was diluted to 250 ppm 
with phosphate buffer pH 7. The ciprofloxacin 
solution was then added with 100 mg of TiO2 
nanoparticles and degraded for 5 hours. The 
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TiO2 nanoparticles were separated from the 
solution by centrifugation at 4000 rpm for 30 
minutes. The optimum light source will be used 
to optimize the pH of the solution with 
variations in the pH of the solution, namely at 
pH 5.5; 6; 7; 7.5 and 8. The optimum light 
source and the optimum pH of the solution are 
used to optimize the duration of irradiation 
with variations of 5; 6; 7; 8; and 9 hours. The 
last optimization is the mass of TiO2 
nanoparticles with variations in the mass of 
TiO2 nanoparticles used, namely 50; 75; 100; 
125; and 150 mg, each of which will be 
degraded under optimum light source 
conditions, solution pH, and exposure time. 
2.4 Toxicity and Degradation Pathway 
The toxicity of ciprofloxacin degradation 
products with TiO2 nanoparticles at each 
optimum condition was based on the zone of 
inhibition against the growth of E. coli 
bacteria. The number of bacteria used was 50 
µL in 20 mL Nutrient Agar (NA) media. Disc 
paper that was added with 20 µL of the test 
solution was put into a petri dish filled with 
bacterial suspension. The petri dishes were 
then incubated at room temperature for 18 
hours. The determination of the degradation 
pathway of ciprofloxacin with TiO2 
nanoparticles will be based on the results of 
the LCMS analysis of the degradation products 
with the lowest residual amount of 
ciprofloxacin of all degradation products. 
 
3. Results and Discussion 
3.1 Standard Equation of Ciprofloxacin 
Scanning the maximum wavelength of 500 
ppm ciprofloxacin was carried out with two 
intervals, 2 nm intervals at 190-400 nm 
wavelengths and 1 nm intervals at 275-285 nm 
wavelengths. The maximum wavelength 
obtained is 278 nm, where in different studies 
the maximum wavelength of ciprofloxacin is 
275 nm [26]. The standard ciprofloxacin 
equation obtained is: y = 0.0274x + 0.065 with Figure 1. Standard curve of ciprofloxacin. 
Figure 2. Condition optimization of ciprofloxacin degradation by TiO2 nanoparticles (a) UV light 
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R2 = 0.9996. The standard curve of 
ciprofloxacin is shown in Figure 1. 
 
3.2 Optimization of Degradation Condition 
Optimization of the light source used to 
degrade ciprofloxacin 250 ppm with TiO2 
nanoparticles is shown by the ratio of % 
degradation in Figure 2a. The % degradation 
yield of 250 ppm ciprofloxacin with TiO2 
nanoparticles using white mercury UV light 
sources was higher than using UV BLB light 
sources. This is because the photon energy 
originating from a white mercury UV light 
source is more suitable for activating TiO2 
nanoparticles in degrading ciprofloxacin [24]. 
The % degradation yield from optimizing the 
pH of the solution with a white mercury light 
source is shown in Figure 2b. The results 
obtained indicated that pH 5.5 was the 
optimum condition for degrading ciprofloxacin 
with TiO2 nanoparticles. Acidic conditions in 
the solution can increase the amount of positive 
charge on the surface of TiO2 nanoparticles. 
The increase in the positive charge on the 
surface of TiO2 nanoparticles will increase the 
amount of ciprofloxacin adsorbed on the surface 
of TiO2 nanoparticles with electrostatic bonds 
[27]. An electrostatic bond is formed between 
the piperazine ring which has high electrons 
and the hole on the TiO2 surface which is 
positively charged [28] as shown in Figure 3. In 
addition, the aromatic amine group on the pi-
perazine ring of ciprofloxacin has a pKa of 4-5 
so it is easily ionized under acidic conditions 
[29] and then it will be degraded. Meanwhile, 
in alkaline conditions the amount of 
ciprofloxacin adsorbed onto the TiO2 surface 
decreases the value of % degradation. Similar 
results showing the best conditions, namely 
acidic conditions, were shown in the 
degradation studies of methylene blue dye [30] 
and phenol [31]. The interaction of 
ciprofloxacin with TiO2 nanoparticles in acidic 
conditions when exposed to light [28] is as 
follows: 
 
TiO2 + hʋ → e− + h+ (1) 
e− + O2 → •O2− (2) 
•O2− + H+ → •HO2 (3) 
2•HO2 → H2O2 + O2 (4) 
H2O2 → 2•OH (5) 
h+ + piperazine-R → •piperazine-R (6) 
•piperazine-R + •OH → HO-piperazine-TiO2-R (7) 
 
Figure 2c shows the % degradation results 
of ciprofloxacin with TiO2 nanoparticles on 
optimization of exposure time. The results 
obtained show similar % degradation values 
from the variations that were carried out. This 
is due to the acidic conditions in the solution 
system so that it can increase the effectiveness 
of TiO2 nanoparticles in degrading 
ciprofloxacin [27]. Thus, irradiation for 5 hours 
was able to degrade ciprofloxacin with TiO2 
nanoparticles optimally. 
The same thing was also obtained in the 
optimization of the mass of TiO2 nanoparticles, 
namely the % degradation value which was not 
too different. The results of mass optimization 
for TiO2 nanoparticles are shown in Figure 2d. 
The similar % degradation value indicates that 
the variation in the mass of TiO2 nanoparticles 
carried out is close to the amount that can 
cause a shielding effect. The shielding effect 
occurs when the amount of TiO2 nanoparticles 
used is excessive so that it can block light from 
reaching the TiO2 nanoparticles surface that is 
in the solution. The existence of this effect 
resulted in the TiO2 nanoparticles in the 
interior of the solution being only able to 
absorb ciprofloxacin without degrading it [32]. 
Figure 4. Pseudo-first-order Langmuir–
Hinshelwood (L–H) kinetic model plot for deg-
radation ciprofloxacin 250 ppm TiO2 nanoparti-
cles. 
Figure 3. Ciprofloxacin adsorption on TiO2   
nanoparticles surface. 
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Thus, the optimum 50 mg TiO2 nanoparticles 
were used in accelerating the degradation of 
ciprofloxacin. 
In determining the rate of degradation of 
ciprofloxacin with TiO2 nanoparticles using a 
pseudo-first-order Langmuir−Hinshelwood 





Where C0 is the initial concentration of ciprof-
loxacin, Ct is the concentration of ciprofloxacin 
at a certain time (t), and kobs is the rate con-
stant for the reaction. The observed reaction 
rate constant was determined by plotting 
ln(Ct/C0) against time (t) the observed concen-
tration of ciprofloxacin. The plotting results are 
presented in Figure 4 with the kobs value of 
0.0047 h−1. The value of kobs can vary depending 
on several factors such as the initial concentra-
tion of ciprofloxacin [33]. 
3.3 Toxicity and Degradation Pathway 
The toxicity test of ciprofloxacin degrada-
tion products used TiO2 nanoparticles with op-
timum conditions for each variation. The data 
obtained are shown in Table 1. Table 1 shows a 
decrease in the clear zone along with the in-
crease in the degradation of ciprofloxacin. This 
is influenced by the amount of ciprofloxacin 
residue after degradation with TiO2 nanoparti-
cles, where the increasing % of ciprofloxacin 
degradation indicates that the remaining 
amount of ciprofloxacin residue is getting 
smaller. The decrease in the clear zone in Ta-
ble 1 shows a decrease that is not equivalent to 
an increase in the percentage of degradation. 
This is presumably because there is E. coli that 
is resistant to ciprofloxacin [34]. Resistance of 
E. coli to ciprofloxacin is also seen in the 
growth ratio of E. coli shown in Figure 5.      
Figure 5a shows that the resulting clear zone 
does not show any E. coli growth. In contrast to 
the clear zone in Figure 5b which shows the 
Variant %Degradation (%) Clear Zone 
Mass of TiO2 50 mg 83.52 2.8 
Irradiation time 5 hours 83.77 2.5 
UV light source White mercury 84.83 2.1 
pH of solution 5.5 90.80 1.6 
Table 1. Toxicity of degradation ciprofloxacin product by TiO2 nanoparticles at the optimum conditions 
of each variation. 
(a) (b) 
Figure 5. Clear zone of the degradation product of ciprofloxacin (a) degradation percentage 83.52% and 
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RT m/z Molecule Formula Molecule Structure References 
1.19 164.9352 C9H8FNO 
 
[37] 
9.62 346.1229 C17H18FN3O4 
 
[38] 








11.73 344.1103 C17H19N3O5 
 
[38] 
12.12 362.1118 C17H16FN3O5 
 
[38] 
12.82 334.1109 C17H20FN3O3 
 
[39] 
13.36 263.0703 C13H11FN2O3 
 
[38] 
15.25 301.0835 C16H19N3O3 
 
[10] 
29.65 522.5985   Unidentified 
(Complex compound of 
ciprofloxacin with Ti(IV)) 
  
30.14 550.6289     
31.23 413.2609 C17H20FN3O8 
 
[37] 
32.033 413.2687 C17H20FN3O8 
 
[37] 
32.79 111.0223 C6H6FN 
 
[43] 
34.22 172.9619 C7H9FN2O2 
 
[42] 
Table 2. Compound product of degradation ciprofloxacin by TiO2 nanoparticles at optimum condition. 
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growth of E. coli around the disc paper. The 
good growth of E. coli indicates that the degra-
dation product of ciprofloxacin with TiO2 nano-
particles has low toxicity. 
The chromatogram resulting from LCMS 
analysis of the degradation product of ciproflox-
acin at optimum conditions with the % degra-
dation value of 90.80% is shown in Figure 6. 
The chromatogram has several peaks with dif-
ferent retention times indicating that there are 
several compounds of ciprofloxacin degradation 
products with TiO2 nanoparticles. The determi-
nation of ciprofloxacin degradation product 
compounds was based on the mass spectrum 
results of each peak that appeared on the chro-
matogram. Some of the degradation product 
compounds are shown in Table 2. Data in table 
2 there are several peaks that cannot be identi-
Figure 6. Chromatogram of degradation ciprofloxacin product by TiO2 nanoparticles at optimum condi-
tion. 
Figure 7. Complex compound of ciprofloxacin (a) with metal in general [36] and (b) with TiO2 in acidity. 
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fied, namely the peak at the retention time of 
29.65 with m/z 522.5985 and at the retention 
time of 30.14 with m/z 550.6289. 
The peak has m/z more than m/z of ciprof-
loxacin, so it is suspected that during the reten-
tion time a complex Ti(IV) compound from TiO2 
nanoparticles with ciprofloxacin was formed. 
The N and O atoms in ciprofloxacin are able to 
donate the lone pair to Ti(IV) to form complex 
compounds. In general, ciprofloxacin complex 
compounds with metals are formed in carbonyl 
groups [35,36] as shown in Figure 7a. However, 
in this study the metal Ti(IV) used also acts as 
a photocatalyst under acidic conditions so that 
it is suspected that it can form complex com-
pounds with the structure shown in Figure 7b. 
The piperazine ring that approaches the 
surface of TiO2 is unstable and easily binds 
with OH produced by TiO2. This is indicated by 
the structure of compound A in Figure 8 which 
is a degradation product at the retention times 
of 31.23 and 32.033 with similar m/z values, 
namely 413.2609 and 413.2687. Research by 
Aggelopoulos et al. [37] also showed the mecha-
nism pathway for the formation of compound A 
in the presence of O2 and H2O in the solution 
system and OH which continues to be generat-
ed on the TiO2 surface. The compound A initi-
ates the degradation process of ciprofloxacin. 
The increasing number of electrons in the pi-
perazine ring causes the OH group to be oxi-
dized to compound B with m/z 346. In addition, 
the increasing number of OH on the surface of 
TiO2 causes the F atom to be substituted into 
an OH group in compound C with m/z 301 [38]. 
The piperazine ring in compound C is also oxi-
dized to produce compound D with m/z 344 
which is similar to compound B. The resulting 
B compound is degraded in 2 ways to become 
compound G with m/z 306. The first path is 
compound B is reoxidized to become compound 
E that has m/z 362. In contrast to the second 
path, the piperazine ring undergoes a de-
formylation reaction which is then followed by 
a hydrogenation reaction. This reaction causes 
the termination of the amine (C−N) bonds in 
the piperazine ring to produce compound F 
(m/z 334) [39]. The carbon chain in compound 
F undergoes a second dissolving reaction of the 
amine atom (C−N) to produce compound G. In 
addition, compound G with an m/z value of 306 
is also produced from compound E which un-
dergoes rapid reduction and deformylation re-
actions [38]. Based on the results also obtained 
by Guo et al. [38] showed that the breakdown 
of the piperazine ring could break the amine 
(C-N) bond resulting in compound H. Com-
pound I with m/z 164 was also identified as a 
product in the research of Aggelopoulos et al. 
[37]. Compound I is thought to be a product of 
a deamination reaction, desiclopropylization 
[40], and a reduction or decarboxylation reac-
tion [41]. In addition, the loss of the lateral 
group in compound H results in compound J 
with m/z 172 [42]. The resulting J compound 
then underwent a deamination and decarboxy-
Figure 8. Degradation pathway of ciprofloxacin by TiO2 nanoparticles. 
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lation reaction which produced K compound 
with m/z 111 was also identified in the biodeg-
radation of ciprofloxacin using Labrys portuca-
lensis F11 in the study of Amorim et al. [43]. 
The compound K produced with the smallest 
m/z was suspected because the initial concen-
tration of ciprofloxacin used was high, resulting 
in a complex reaction between the ciprofloxacin 
radical or the intermediate compound radical 
with other intermediate compounds. The degra-
dation pathway of ciprofloxacin with TiO2 na-
noparticles is shown in Figure 8. 
 
4. Conclusions 
This study showed that the optimum condi-
tions for the degradation of 50 mL ciprofloxacin 
250 ppm using TiO2 nanoparticles, namely with 
a white mercury UV lamp light source, at a pH 
of 5.5, irradiation time is 5 hours and the mass 
of TiO2 nanoparticles used is 50 mg. The degra-
dation product of ciprofloxacin with TiO2 nano-
particles has low toxicity as indicated by the 
stable growth of E. coli. The resulting clear 
zone is influenced by the amount of ciprofloxa-
cin residue remaining and the resistance of E. 
coli to ciprofloxacin. The residual amount of 
ciprofloxacin was indicated by the value of % 
degradation, where the higher the % degrada-
tion, the less residue is left, so that the result-
ing clear zone is smaller. The degradation path-
way of ciprofloxacin begins with the adsorption 
of ciprofloxacin molecules onto the surface of 
TiO2 nanoparticles which then in the presence 
of light produces several radicals. These radi-
cals react by destroying the piperazine ring 
through several reactions including oxidation 
reactions, substitution, deformylation and sev-
eral others. The simplest identified degradation 
product compound of ciprofloxacin was            
p-floroaniline (compound K) with an m/z value 
of 111. The results indicated the ability of TiO2 
nanoparticles to degrade ciprofloxacin at high 
concentrations. This can be used as a reference 
for several industries, especially the pharma-
ceutical industry in the treatment of ciprofloxa-
cin waste. It is suggested that further research 
should be focused on the selection of TiO2 nano-
particle powder separation methods, separation 
and analysis of the toxicity of each degradation 
product. 
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